Introduction: Cardiac patients are more prone to develop hemodynamic instability on induction of anesthesia and endotracheal intubation. The Airtraq® ® optical laryngoscope is a single-use rigid video laryngoscope that has been developed to facilitate tracheal intubation. There are limited studies comparing differences in the circulatory responses to Airtraq® and direct Macintosh larynngoscopy in cardiac patients. Aim: The purpose of our study was to evaluate whether there was clinically significant difference between the hemodynamic response to orotracheal intubation guided by either of the two devices (Airtraq® and Macintosh laryngoscopes) in patients who underwent coronary artery bypass grafting surgery. Material and methods: In this clinical study we analyzed the hemodynamic response to endotracheal intubation performed with Airtraq® or Macintosh laryngoscopes in patients who underwent elective coronary artery bypass graft surgery under general anesthesia. Results: We analyzed: blood pressure (systolic, diastolic, mean), heart rate and peripheral oxygen saturation (all notified before induction in anesthesia, immediately after induction, at the time of intubation and thereafter one and five minutes after intubation). We also recorded the maximal values of blood pressure and heart rate, as well as calculated the product of heart rate and systolic blood pressure. There were statistically significant differences in the hemodynamic response between the groups. At the time of intubation, there was significant inter-group difference in heart rate, systolic, diastolic and mean blood pressure.
INTRODUCTION
Laryngoscopy and endotracheal intubation are an integral part of general anesthesia for cardiac surgery (1) . The hemodynamic response to the stress of laryngoscopy and endotracheal intubation does not present a problem for most patients (2) . However, cardiac patients are more prone to develop hemodynamic instability on induction of anesthesia and endotracheal intubation and frequently respond to stress with an increase of blood pressure and heart rate (3). Such hemodynamic changes may alter the delicate balance between myocardial oxygen demand and supply and precipitate myocardial ischemia in patients with coronary artery disease (1) .
Despite recent developments in airway device technologies, the curved laryngoscope blade described by Macintosh in 1943 remains the most popular device used to facilitate endotracheal intubation, both inside and outside the operating theatre, and constitutes the gold standard (4) . The Airtraq® optical laryngoscope (Prodol S.A., Vizcaya, Spain) is a single-use rigid video laryngoscope that has been developed to facilitate tracheal intubation in both, patients with normal or difficult to intubate airway (5-7). The resulting glottic view is provided without an alignment of the oral, pharyngeal and tracheal axes. The device can be completed with a wireless clip-on camera for external broadcast and teaching purposes.
There are limited studies comparing Evaluation of the Hemodynamic Response to Endotracheal Intubation differences in the circulatory responses to Airtraq® and direct Macintosh laryngoscopy in cardiac patients (3) . However, few studies in non-cardiac patients indicate the Airtraq® to generate more hemodynamic stability subsequent to the endotracheal intubation procedure and minor trauma as compared to the Macintosh laryngoscope (8) .
The purpose of our study was to evaluate whether there was a clinically significant difference between the hemodynamic response to endotracheal intubation guided by either of the two devices (Airtraq® and Macintosh laryngoscopes) in patients who underwent coronary artery bypass grafting surgery (CABG).
MATERIAL AND METHODS
After getting authorization from our institutional ethical review board and written informed consent from all patients study was performed. Sixty consecutive adult cardiac surgery patients who underwent CABG operation and obtained general anesthesia with endotracheal intubation in our center were randomly assigned to either the Airtraq or conventional laryngoscopy using a Macintosh laryngoscope blade.
Inclusion criteria were: normal anatomical predictors for endotracheal intubation (Mallampati score I and II, thyreomental distance >6cm, mouth opening of more than >3cm, normal head and neck movement, American society of Anesthesiologists physical status (ASA) I to III were selected.
Exclusion criteria were: anatomic features predictive for difficult airway, history of reactive airway disease, morbid obesity (BMI >35 kg m-2 ), gastro-esophageal reflux, vital organ dysfunction, conduction abnormality, permanent pacemaker and emergency procedures. We also excluded the patients with failed first intubation attempt.
Patients were randomized either to the MacIntosh group or the Airtraq® group. Therefore, group labels were written on a total of 40 cards (20 per group). The cards were put into opaque envelopes, effectively mixed, and put into a box. This was done by a person who was not involved in the study. After entering the operation room, an envelope was picked from the box, opened and the patient was assigned to the indicated group. All anesthesiologists performing tracheal intubations were skilled for both techniques. After informed consent was received the patients were analyzed for baseline characteristics of included patients comprising demographic data and patients ASA status, ejection fraction (EF%), comorbidities, Mallampati score, thyromental distance in cm.
According to our institutional protocol pre-operatively all the patients were fasted adequately and were normothermic. Night before surgery and on the morning of surgery 90 minutes before induction of anesthesia patients were premedicated with Diazepam 5mg orally. All antihypertensive and antianginal medications were continued till the morning of surgery with the exception of angiotensin-converting enzyme inhibitors and angiotensin-receptors blockers. In the operation theatre standard monitoring was used in all patients, which included: six leads electrocardiography (ECG), invasive arterial pressure, and pulse oximetry, measurement of end-tidal carbon dioxide and volatile anaesthetics levels as well as entropy monitoring. The monitoring system we use is Dataex-Ohmeda F-CU8 instrumentarium -Helsinki Finland.
All patients received general anesthesia according to our institutional regimen. After 2 minutes of pre-oxigenation (100% oxygen 6l/min) anesthesia was induced with midazolam (0,25mg/kg), fentanyl (5-10 μg/kg), rocuronium bromide (0,6mg/kg). Following induction of anaesthesia all patients were manually ventilated with Sevoflurane (2,0-2,5%) in oxygen for 2min. Trachea was intubated if the depth of anesthesia as measured by the entropy showed below 50, by one anesthesiologist experienced in the use of the both laryngoscopes. Before intubation, the endotracheal tube was lubricated with 2% lignocaine gel and threaded over the intubating device. Thereafter, in all patients the lungs were mechanically ventilated with intermittent positive-pressure ventilation with FiO 2 0,5, Vt 6-8ml/kg, respiratory rate 12-16 for the duration of the procedure. Anaesthesia was maintained with Sevoflurane (0,8-1,5%), fresh gas flow 2L/min of O 2 : Air and continuous infusion of sufentanil (0,3-0,6 μg/kg/h). For each attempt when Airtraq® was used, a video system which incorporates a video camera that attaches to the Airtraq® device and a wireless monitor which receives the images were also used, therefore using the Airtraq® as a video laryngoscope. For all attempts using Macintosh laryngoscope, the standard non-styletted non-hockey stick tracheal tube conformation was utilized.
Hemodynamic data analyzed were: blood pressure (systolic (SBP), diastolic (DBP) and mean (MBP), heart rate (HR) and arterial oxyhemoglobin saturation (Sa0 2 %). We analyzed the data at five different time points: before induction of anesthesia T 0 (baseline), immediately after induction T 1 , at the time of intubation T 2 , one minute after intubation T 3 and five minutes after intubation T 4 . We also calculated the rate-pressure product (RPP) at every point of time. The maximum values of BP and HR were also analyzed. The measured values were recorded by screenshots of the monitor in the operation room at the specific time points.
Statistical analysis Statistical analysis was performed by using SPSS 17,0. Data were expressed as mean and ± standard deviation and statistically analyzed using Mann-Whitney U test and ShapiroWilk test. A value less than 0.05 was considered as statistically significant for all tests.
RESULTS
A total of 60 patients who fulfilled the inclusion criteria, were entered into the study. Thirty patients were intubated with Airtraq® laryngoscope, and thirty patients underwent tracheal intubation with Macintosh laryngoscope. The demographic data, BMI, ASA physical status classification, Mallampati class distribution, thyromental distance, EF%, incidence of hypertension, level of serum creatinine and urea were similar in both the groups (Table 1) .
There were statistically significant differences in the hemodynamic response between the groups. Both the groups showed a reduction in arterial pressure after anesthetic induction but prior to laryngoscopy at T 2 , as a result of hemodynamic effects of the anesthetic drugs and loss of consciousness, but without significant difference between groups. At the time of intubation T 3 , there was significant inter-group difference in heart rate, systolic, diastolic and mean blood pressure (p<0.05). At the first minute after intubation T 4 no significant difference in heart rate was observed between the two groups, but there was significant difference in systolic, diastolic and mean blood pressure between the groups (p<0.05). Heart rate returned to baseline within 5 min in both groups. Five minute after intubation T 5 no significant difference was observed between groups, for heart rate, systolic, and mean blood pressure but there was statistically significant difference for diastolic blood pressure (p<0.05). Hemodynamic changes between groups are shown in Table 2 .
Blood pressure and heart rate were significantly higher in the Macintosh group than in the Airtraq® group.
There was no significant difference between the two groups (Airtraq® and Macintosh) in peripheral oxygen saturation during the observation period.
The calculated rate-pressure product at every point of time was statistically significant, at the time of intubation, one and five minute after intubation (p<0.05) (Figure 1 ).
DISCUSSION
Our findings demonstrate that the Airtraq® performed endotracheal intubation is better in term of hemodynamic stability compared with the Macintosh laryngoscope endotracheal intubation, in patient undergoing routine CABG surgery. Due to their underlying disease, these patients are at particular risk to develop peri-operative myocardial ischemia, due to an imbalance of myocardial oxygen supply and demand, as potentially induced by the procedure of endotracheal intubation, which can be associated with an increase in heart rate and arterial blood pressure (9-11).
We examined whether Airtraq® intubation attenuated hemodynamic responses to endotracheal intubation, compared with those that occurred with Macintosh laryngoscope. The results of this investigation suggest that Airtraq® do suppress the hemodynamic response to endotracheal intubation more than Macintosh laryngoscope. It is well known that the stimuli to airway structures are the main causes for circulatory responses to tracheal intubation (12) . Laryngoscopy itself is one of the most invasive stimuli during endotracheal intubation (2, 13). Many anesthesiologists agree that a skilled anesthesiologist applies only a small force to the patient's larynx when using a laryngoscope and that reducing the force on the larynx might prevent excessive hyperdynamic responses to endotracheal intubation (14) (15) (16) . It is possible to separate the factors that contribute to the hemodynamic responses to endotracheal intubation (13) . The first is the response to laryngoscopy and the second is the response to endotracheal intubation. Hemodynamic changes start within seconds of direct laryngoscopy, and there is a further increase in heart rate and blood pressure with passage of the tracheal tube. It is not known which component is more responsible for the hyperdynamic response to orotracheal intubation. We attempted to reduce the hyperdynamic responses to intubation by using Airtraq®. There was statistically significant difference in the cardiovascular variables between the Airtraq® and Macintosh groups.
Our results are confirmed by the variety of studies highlighting the usefulness of the Airtraq® in tracheal intubation (3, 7) . Airtraq® resulted in less hemodynamic stimulation (heart rate and arterial blood pressure) post tracheal intubation compared to the Macintosh laryngoscope, in patients at low risk for difficult laryngoscopy and intubation (6, 7, (17) (18) (19) (20) . This finding probably reflects the fact that the Airtraq® requires reduced traction to lift the mandible [20, 21] and provides a view of the glottis without the need to align the oral, pharyngeal and tracheal axes, and therefore requires less force to be applied during laryngoscopy (6) . In addition, the pas- Table 2 . Hemodynamic changes between groups. To -Baseline value, T1 -After induction in anesthesia, T2 -After intubation, T3 -1min post intubation, T4 -5min post intubation, HR-Heart rate, SBP -Systolic blood pressure, DBP -Diastolic blood pressure, MBP -Mean blood pressure, SaO2%-Peripheral oxygen saturation. sage of the tracheal tube through the vocal cords is atraumatic due to good glottis visualization and alignment of the tube to the axis of the trachea (20, 21) . Other studies have demonstrated that tracheal tube insertion is the most invasive stimulus during the intubation manipulation (12, 13) . Thus, the circulatory response to tracheal intubation may not be alleviated by avoiding laryngoscopic stimulation to the epiglottis and the base of the tongue unless the trachea is adequately pretreated with local anesthetic (12, , 22, , 23) . Singh et al. demonstrated in a comparison of 4 anesthetic induction agents, that stress response on conventional endotracheal intubation was most evident in patients with coronary artery disease when anesthesia was inducted with etomidate while midazolam was most effective in preventing intubation stress (24) . In our study anesthesia was induced with midazolam. On the contrary although statistically significant, endotracheal intubation with the Airtraq® resulted in a clinically neglectable minimal increase in heart rate, while arterial blood pressure was not affected. Hence, the use of the Airtraq® device allowed maintaining stable hemodynamic conditions. Our results are confirmed by previously published data showing less hemodynamic alteration when endotracheal intubation is performed with the Airtraq®, compared to intubations with the Macintosh laryngoscope (21, 25) . In a currently published meta-analysis Lu et al. concluded that the Airtraq® produces less hemodynamic stimulation, which may be an advantage in geriatrics or in patients with coronary heart disease or primary hypertension (26) .
In the study of Maharaj et al. comparing Airtraq® and Macintosh, in which a near identical anesthetic technique to that used in this study was utilized, the same changes were seen in heart rate and blood pressure (6, 7, 21) . In other study, comparing the GlideScope (Verathon Inc., Bothell, WA) to the laryngeal mask airway, in which also a near identical anesthetic technique to that used in this study was utilized, no changes in heart rate were seen, whereas blood pressure decreased slightly following tracheal intubation with both devices (27) .
In the study of Schälte at al., Airtraq® was used for routine intubation in high risk cardio-surgical patients. Their findings demonstrate minimal but significant increase of the heart rate and decrease of mean arterial blood pressure one min after intubation. At four and five minutes after intubation, no significant changes in heart rate and MAP, compared to the baseline values could be detected. They concluded that the use of the Airtraq® allowed maintaining a stable hemodynamic situation. Compared to our study, they didn't have control group and patients were anesthetized with sufentanil, etomidat and rocuronium (3) .
Rate pressure product is an index of myocardial oxygen consumption (28), a value exciding 22,000 may be associated with myocardial ischemia (29) . In our study, in both groups, the rate pressure product did not reach 22,000 at any point of time. Hence, both the Airtraq® and the Macintosh are safe to use in patients with ischemic heart disease.
A major limitation of this study is the relatively small sample size. Another limitation was that measurements and intervention were made without blinding of the researcher to the experimental group, which has the potential for bias. This study was carried out by an experienced user of each device. The results seen may be differing in the hand of less experienced users. Adequacy of muscle relaxation was not measured.
CONCLUSION
Conclusion our results demonstrate that routine endotracheal intubation using Airtraq® in patients undergoing routine CABG surgery can reduce hemodynamically changes and allow maintaining a stable hemodynamic situation, compared to the Macintosh laryngoscope. Further studies in this clinical context are necessary to confirm and extend these initial positive findings.
